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ABSTRACT

In growth chamber studies, 10 p.p.m 2,4-D amine increased the

number of seminal roots, reduced lateral root production, decreased

root extension, caused root tips to swell and reduced root dry weight

of Zea maize seedlings. However 5 p.p.m. 2,4-D amine caused only

sligTit damage. At the end of the 2-wk growth period, damaged
seedlings showed signs of recovery, which included an increased

number of seminal roots, development of normal root extensions

from clubbed root tips, and development of normal lateral root

patterns. 2,4-D amine increased percentage N, P and K in zea
plants.

INTRODUCTION

There is a considerable literature on the effect of 2,4-D on
higher plants as regards the physiology, morphology and biology of

this group of plants when subjected to various treatment of 2,4-D.

(Lee, 1972; Rensburg and Villiers, 1978 a & b; Arkhangel'skii et al.

1982 and several others). All these reports revealed that the lower
concentrations of 2,4-D may be have as growth regulators, but at

higher concentrations it has antiphotosynthetic effects on all tested
plants.

Mc Cracken et al., 1981 showed that 2,4-D decreased chlorophyll

content in many plants.

However, Zvyagintsev et al. (1975) demonstrated the increase
in chlorophyll content of Calamagrostis arundinacea cells under the
influence of wide range of 2,4-D concentrations.

As a result of 2,4-D applications to higher plants, the electro-
phoretic picture of the protein fractions was subjected to qualitative

and quantitative changes and the picture have been considerably
altered (Baker et al., 1980; and Zych, Monika, 1980). In this connec-
tion, Ladonin et al. (1980) indicated that the increase in cell protein
of pea plants treated with 2,4-D was due to the herbicide-induced
decrease in protein decomposition rather than to increased protein
synthesis.

As regards respiration in 2,4-D treated^plants, it was subjected,
in most cases, to pronounced disturbances (Makovcova et al., 1976).
Chodova (1980) indicated that respiration rate is a sensitive criterion

of the action of 2,4-D, since the consumption of O- in 2,4-D-treated
plants of Sinapis alba was significantly decreased by continuous
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exposure to the herbicide; a phenomenon that was accompanied by a

concomitant decrease in protein and sugar contents of cells.

Halvankar and Patil, (1983) came to the conclusion that the

germination percentage of presoaked seeds of durum and bread

wheats decreased if treated with high concentrations of 2,4-D.

According to Holmes and Kapusia (1980) the addition of 2,4-D
amine at several rates to soybean plant resulted in a significant

decrease in the yield.

Little information is available about the effects of herbicides

on the minerals of plants. Most studies have examined whether a

nutrient will alter the phytotoxicity by some interaction in the soil

or plant. Sameni et al. (1976) exposed sunflower plants (Helianthus

annuusL. ) to some herbicides and observed a non-significant increase

of percent nitrogen in leaf and stem tissue.

MATERIAL and METHODS

For this investigation Zea maize plant was chosen. Seeds were
washed with water sterilised with 1 % H-0- and washed again.

The seeds were then air dried and sown in the soil which was air

dried and passed through a 2 mm sieve. This soil had a pH 7.5

contained 3.09 % organic matter.

The soil was manured with fertilizer (1 g ammonium sulfate

per 1 Kilo of soil as recommended by the Ministry of Agriculture),

and 2,4-D amine herbicide at 0, 5 and 10 ppm was added and mixed
thoroughly. Herbicide concentrations were determined in preliminary

experiments such that the highest cone. 10 ppm would cause consi-

derable damage to zea seedlings without being lethal.

Containers used for growing plants were constructed from
black plastic plumbing tubes, which had a 5.1 cm inside diam. and
were 55 cm long. The tubes were cut lengthwise on one side to

facilitate later soil removal. The longitudinal cut was sealed and
one end of the tube was fitted with a rubber stopper. Two strong

rubber bands were placed around each tube to prevent opening of

the cut during the experiment. Tubes were filled with either control

soil or herbicide^reated soil. Each tube was seeded at the 2.5-cm
soil depth, and wre placed randomly in a growth chamber at 22 C.

The relative humidity was approximately 45 %.

Plants samples were taken at 3, 6, 9, 12 and 15 days old. At
each sampling date the cuts along the tubes were opened slightly,

the soil was then washed away to recover the entire root system.
Measurements were then made on the seminal and lateral roots. The
seminal root diameter was measured using a microscope with a
calibrated micrometer eyepiece. The root systems wre then oven
dried to measure dry-weight production.

Other samples were taken at 21 and 35 days-old. Their roots

were washed free of soil and separated from the shoot material.
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Both roots and shoots were oven dried, finely ground and subjected

to the H2SO4-H2O2 digestion procedure described by Thomas et al.

(1967). Nitrogen and phosphorus wre analyzed with an auto analyzer,

calcium, magnesium and potassium with an atomic absorption spectro-

photometer.

RESULTSand DISCUSSION

The primary root systems of the 15«.days old control plants

were well developed and the secondary were just beginning to develop.

Total dry weight of the 15 days old plants was significantly reduced
by 10 ppm herbicide, whereas 5 ppm had little effect as shwon in

Fig. 1. This indicated a threshold phytotoxic response that occurred
between 5 and 10 ppm 2,4-D amine under the conditions used in

this expriment. Three days after seeding the first three seminal
roots had developed regardless of herbicide cone. . The number of

seminal roots was relatively constant by day 9 for control, with an
average of 4.8/plant by the fifteenth day. Seminal root numbers of

the 10 ppm herbicide-treated plants remained constant after 6 days
with an average of 5.8/plant. The 5 ppm herbicide-treated plants

were intermediate with an average of 5.1 to 5.7 for the 12- and
15-days old plants, respectively. Thus, a stimulatory response from
2,4-D amine caused the zea seedlings to produce more seminal
roots. No reports of a similar effect could be found in the litera-

ture. The maximum number of seminal roots a wheat plant can
produce is six (McCall, 1934 and Peterson, 1965).

2,4-D amine at 10 ppm reduced the total seminal root length

per plant of the 15-days old plants to approximately one-third the
length of the controls (Fig. 1). The increase in the number of

seminal roots did not compensate for the reduction in total seminal
root length at this growth stage. The 5 ppm treatment did not

significantly affect total seminal root length per plant compared to

the controls.

Root diameters ranged from 0.442 to 0.553 mm for the control

plants (Table 1). Percival (1921) has reported diameters for seminal
wheat roots of 0.50 to 0.75 mm. Seminal root diameter appeared
to be a function of plant age since the diameter generally decreased
with time independent of the herbicide concentration.

2,4-D amine concentration of 10 ppm increased the average
root diameter. The increase in radial expansion was greatest near
the root tip giving the roots a club-like appearance. The root

diameters were not significantly increased by 5 ppm cone. Lateral

roots were not present by day 3 but were beginning to develope

6 days after seeding. 2,4-D amine at 5 ppm tended to reduce the

average lateral root length with day-9 and day- 15 plants significan-

tly different than the controls (Fig. l). The 10 ppm cone, instead

of further reducing the average lateral length, was either equal to

the 5 ppm value (day 12) or significantly higher than the controls.

This response by the lateral roots to the higher herbicide concen-
tration can be atributed to the production of abnormally long lateral
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roots can recover within soil treated with a nonlethal dose of 2,4-D

amine.

Root and shoot dry weight of the zea plants was significantly

reduced by 10 ppm herbicide, whereas 5 ppm herbicide had little

effect (Table 2). This reduction at 10 ppm was less for the 35-days
old plants than for the 21-days old plants.

Plant part
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control values. There is evidence that some herbicides reduced the

transport of two photosynthetic herbicides, atrazine and simazine,

from the roots to the shoots of pea and soybean (O 'Donovan and

Prendeville, 1976).

Percent P content for the 21-days old plants grown in the

10 ppm herbicide-treated soil, was reduced 56 and 44 % in root and
shoot tissue, respectively. The reduction was less with the older

plants. P content expressed as shoot-to- root ratio was not altered

by 5 ppm of 2,4-D amine, indicating that the reduction of percent

P was similar throughout the plant. However, 10 ppm reduced the

ratio and thus showed a greater reduction in the shoots than in the

roots.

N was less affected by 2,4-D amine than the other nutrients

examined. Nevertheless, herbicide-treated plants had significantly

reduced percent N at both concentrations (Fig. 2). Sameni et al

(1976) have observed a non-significant increase in percent N in leaf

and stem tissue of sunflowers exposed to some herbicides.

These results show that zea seedlings are capable of recovering

from sublethal concentrations of 2,4-D amine and that both root

morphological and plant minerals concentrations undergo changes.
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